A field study was designed to determine the prevalence of subclinical infectious bursal disease (IBD) in broiler chickens from a commercial poultry company. Bursae of Fabricius (BF) from two vaccinated and three nonvaccinated broiler flocks were evaluated histologically, and antibody profiles of these broiler and matched parent breeder flocks were established. Lesions of IBD, including lymphoid necrosis, stromal edema, and infiltrates of heterophils and macrophages, were first detected in BF at 24 days of age in both vaccinated and nonvaccinated chickens. At 41 days, all BF had lesions characteristic of IBD, including severe lymphoid depletion, proliferation of epithelial cells, and mild fibroplasia. Although mean maternal antibody levels (measured by enzyme-linked immunosorbent assay) in broilers were apparently protective through day 12, IBD antibodies decreased to nonprotective levels (below 1,000) by day 16 or 20. Titers began to increase by day 28 or 32 because of field exposure. Sentinel birds, placed with broiler flocks, also developed IBD antibody titers. Broiler breeders had low and nonuniform antibody titers. Prevalence of field IBD exposure was high, and existing vaccination programs were not effective.
Infectious bursal disease (IBD) is a highly contagious may develop a yellow gelatinous transudate by day 2 viral infection (birnavirus) of immature chickens, or 3 postinfection, followed by progressive atrophy and characterized by necrosis and depletion of lymphoid reduction in size beginning at day 5. 12 Degeneration tissues, particularly the bursa of Fabricius (BF). 12, 14 The and necrosis of follicular lymphocytes can be detected disease is a major problem in concentrated broiler promicroscopically at day 1 postinfection, soon followed ducing areas of the United States. 16,l7 Chickens infected by follicular and interfollicular infiltrates of heterowith IBD at < 3 weeks of age have subclinical infections phils, accumulation of cellular debris, proliferation of characterized by bursal atrophy, resulting in severe imfollicular stromal cells, and interfollicular edema. 3 munosuppression. 4, 7 These birds exhibit increased in-There is progressive phagocytosis of necrotic lymphocidence of other infections such as colibacillosis, salcytes. Lymphoid depletion and atrophy are predomimonellosis, and coccidiosis, resulting in higher growout nant at day 5, after which there is proliferation and mortality and increased condemnations at processing. metaplasia of corticomedullary epithelium with for-Chickens with clinical IBD (usually infected at 3-6 mation of glandular structures and interfollicular fiweeks of age) present with diarrhea, vent picking, trem-broplasia. Virus can be isolated from the BF or deors, transient immunosuppression, and higher mor-tected by immunofluorescence, agar-gel precipitin tality at the time of infection. The IBD virus is ex-(AGP) assay, electron microscopy, or dot blot hybridtremely stable and resistant to disinfectants and normal ization. 6 Serologic testing using enzyme-linked imsanitation procedures. 2 Once established on a farm, munosorbent assay (ELISA), AGP assay, or virus neuthe disease tends to recur with each successive flock. tralization can confirm the diagnosis. 12 For diagnostic The subclinical form of IBD becomes more prevalent purposes, testing by the ELISA method is most popular in subsequent outbreaks, particularly in chickens lack-because commercial kits are available and the test is ing adequate and/or uniform maternal antibody tifaster yet just as sensitive as the other assay proceters. 12 dures. 13 
Subclinical IBD infections are diagnosed at necropsy
Timing of IBD vaccinations is very important in by gross and microscopic examination of BF. Bursae obtaining active immunity in broilers with residual maternal antibodies. 18 Because of maternal antibody interference, attempts to induce active immunity in chickens before they are susceptible to field viruses The objectives of this study were to determine the prevalence of subclinical infectious bursal disease in an integrated broiler production operation by evaluating bursae of Fabricius of broilers and antibody titers of breeders and broilers and thereby determine the effectiveness of the breeder and broiler vaccination programs.
Materials and methods

Experimental animals
Breeder flocks. Five broiler breeder flocks were studied over the following intervals: a) 27-45 wk of age, b) 27-54 wk of age, c) 39-58 wk of age, d) 42-58 wk of age, and e) 58 wk of age. Eggs were collected and set for the corresponding broiler flocks at the beginning of the interval. Breeders were vaccinated against IBD using the following vaccination schedule: 7 days of age-live spray vaccine; 35 days of agelive spray vaccine; 10 wk of age-killed vaccine; 18 wk of age-killed vaccine.
Broiler flocks. Five broiler flocks were studied, 1 flock corresponding to each of the breeder flocks. Three flocks were placed on farms where no IBD vaccine was administered. Two flocks were placed on farms where IBD was believed to be a persistent problem and were vaccinated against IBD by the water route at 8 days of age using a modified live vaccine.
Sentinel chickens. Ten specific-pathogen-free (SPF) 1 -dayold chicks a that lacked antibody to IBD were placed in each of 5 broiler houses at the same time as commercial chicks were placed. Sentinel chickens were removed after 8 days (prior to vaccination of the 2 flocks) and placed on wire in isolation units at the University of Florida for 4 wk.
Experimental approach
Gross pathology. Body weights and bursal weights were determined for 15 randomly selected broilers killed at 41 days of age from each of the 5 broiler flocks.
Histopathology. Bursae of Fabricius from 15 randomly selected broilers in 2 vaccinated and 1 nonvaccinated flocks were collected at 8, 15, 24, and 41 days of age. Bursae from 15 broilers in the remaining 2 nonvaccinated flocks were collected at 41 days of age. Bursae from sentinel chickens were collected at 36 days of age. Bursae were immersed in 10% neutral buffered formalin and prepared by routine processing (dehydrated in graded alcohols, cleared with xylene, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin [HE]).
Serology. Blood was collected from 20 randomly selected chickens in each broiler breeder flock at the beginning of the respective intervals and every 21 days thereafter until the end of the interval, when the farms were depopulated. Blood was collected from 20 randomly selected chickens from each broiler flock at 1 day of age and every 4 days thereafter until 40 days of age. Blood was collected from 10 SPF chickens at 1 day of age, prior to placement in broiler houses, and at 36 days of age. The IDEXX ELISA kit b and the FlockChek system b were used to determine the levels of serum antibodies against IBD, according to the manufacturer's recommendations. 
Results
No clinical signs of IBD infection were detected in birds from any of the broiler flocks evaluated. The primary problem was an increased number of condemnations at processing, as compared with industry standard, due to airsacculitis and septicemia.
Pathologic findings. Bursae of broilers killed at 41 days of age were an average of 0.06% (≥ 0.3% is normal) of the body weight. Broilers killed at 8 days of age had minimal nonspecific microscopic alterations in BF ( Fig. 1 A) , including scattered necrotic lymphocytes and mild stromal edema. Similar nonspecific bursal alterations were present in 15-day-old birds (Fig.  1B) . Microscopic evidence of IBD was first detected in 6 of 15 BF of birds in 1 vaccinated and 2 of 15 BF of birds in 1 nonvaccinated flock at 24 days of age ( Fig.  2A) . Lesions were acute to subacute and consisted of follicular lymphoid necrosis, follicular and interfollicular infiltrates of heterophils and fewer macrophages, interfollicular edema, and early hyperplasia of follic- surface epithelial hyperplasia, with epithelial cyst for-Serum Ab titers of sentinel birds were negligible at mation, was also present in most BF. Lesions of IBD 1 day of age. Mean titers of sentinel birds at 36 days were not detected in BF from any SPF chickens.
of age were within a range of 200-2,100, with CVs Serology. Serum antibody (Ab) titers of broiler within a range of 110-187%. breeders had a mean range of 1,819-3,669 (Fig. 3) , and there was a high variability of titers within flocks, with Discussion coefficients of variation (CVs) within a range of 18-61%. Serum Ab titers of broilers (Fig. 4) had a mean range of 3,156-4,945 at 1 day of age, with mean titers decreasing below 1,000 in 4 of 5 flocks at 16 days of age, remaining < 1,000 in 4 of 5 flocks through 24 days of age, and then beginning to increase by 28 or 32 days of age until reaching a mean range of 2,418-6,173 at 41 days of age. There was high variability of titers within flocks, with CVs within a range of 30-133%.
Results of gross and microscopic examination of BF and evaluation of Ab titers demonstrated that IBD was indeed a subclinical disease problem on the 5 broiler farms, despite vaccination of broilers on 2 of the farms. Bursal weights of 41-day-old broilers should not be <0.3% of the body weight; 8 BF weights were 0.06% in this study. Because bursal lesions of IBD can be detected within 24 hours of infection, 14 maternal Ab levels were apparently protective through 12 days of age. Lesions of IBD did not occur until mean titers de- creased to < 1,000. After microscopic lesions of IBD were first detected at 24 days of age, Ab titers began to increase by day 28 or 32 because of infection with field IBD virus. Antibody titers of broiler breeders were much lower than that necessary to provide adequate passive immunity to progeny. Breeder titers should be maintained at high and uniform levels (8, 000) , and breeders should be appropriately boosted during the production period with oil-adjuvanted vaccines to extend passive immunity to 4 or 5 weeks. 1, 10, 11 Sentinel birds developed significant, albeit relatively low, Ab titers to IBD. The most likely reason that microscopic lesions were not detected in BF was that sentinel birds were removed from flocks prior to release of broilers from brooder guards and then kept on wire floors in isolation units. This prevented exposure of sentinel birds to concentrated virus in reused litter and feces and allowed time for repair of minor bursal damage.
A differential diagnosis for bursal lymphoid atrophy should include Marek's disease 9 and infectious anemia. 5 However, these diseases are associated with clinical signs and lesions other than those detected in the flocks evaluated and would not result in the IBD Ab response described in this study.
There were high CVs in titers of both the breeder and broiler flocks. Large CVs for a flock suggest poor uniformity of response to vaccination and imply that the vaccination programs need improvement. 10, 12 Antibody titers were determined using a commercial ELISA kit. Although the ELISA test is considered highly sensitive and reliable, it lacks serotype and strain specificity, and some of the variation of titers in flocks might be attributed to variation in the assay. 10 Nevertheless, the correlation between reduction in maternal Ab titers, onset of bursal lesions, and seroconversion was as expected for subclinical field IBD.
Passive and active immunity must be balanced when developing an immunization program for IBD. 19, 20 Passive immunity should protect chicks during the first several weeks of life during which they are most susceptible to immunosuppressive manifestations of IBD. Maternal Ab can, however, interfere with the development of active immunity. In chicks vaccinated at 8 days of age, an antibody response should have been detected by 12-16 days of age using the ELISA method. 13 Instead, titers decreased until 16-20 days of age and did not show evidence of seroconversion until 2% 32 days of age, indicating that maternal Ab interfered with vaccination.
Recommendations were made 1) to increase maternal Ab titers by establishing a more effective breeder vaccination program, 2) either to use a more virulent ("intermediate" strain) vaccine 15 in the broilers to overcome higher levels of maternal Ab or to delay broiler vaccination until maternal Ab titers have decreased, and 3) to improve biosecurity practices and clean-up procedures to reduce exposure to virus.
